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Thermal Management is Critical to Buildings
• Various scenarios need cooling 
(buildings, vehicles, shipping).
• Cooling/refrigeration counts 




1-Reflctance (R) = Absorptance = Emissivity (e)
Passive Daytime Radiative Cooling
4
Passive Daytime Radiative Cooling
Shanhui fan group, Nature 515, 540 (2014)
Xiaobo Yin & Ronggui Yang, Science 355, 1062 (2017)
Photonic crystal
Rsolar = 0.97 
e = 0.7 
Ceramic in polymer
Rsolar = 0.96 
e =  0.93
• Good performance, but sophisticated.



















• Pigment particles too small to 
reflect large solar wavelengths.
• Rsolar < 0.94, typically 0.80-0.90
• Still heat up under sunlight.
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Snow: R ~ 0.8-0.9  
e ~ 0.99
Broad, random nano/microstructures: efficient scattering for amplification
Learn from Nature




mismatch in n 
(1.31 vs. 1)
infraredsolar
Solar spectrum (0.3-2.5 mm) : no intrinsic absorption 
Infrared thermal radiation: strong intrinsic absorption (emissivity)
Ice
Radiative Cooling
Jyotirmoy Mandal and Yuan Yang, Science 362, 315 (2018) 




Radiative Cooling in Porous Polymer
Porous PVdF-HFP:   R ~ 0.96-0.996, e ~ 0.97.  
300 um thickness: ~$0.4/ft2
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Radiative Cooling in Porous Polymer
6 oC
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Application on Various Substrates
Applicable for most substrates with conformal coating.
Degradation Tests
Third party test: (1000 hrs of QUV exposure): TSR from 0.96 to 0.89. 
1414
Application and Addition of Color
52% of sunlight
50% change in NIR/SWIR corresponds to 5-10 oC cooling under wind.




































Jyoti Mandal Meijie Chen Yijun Chen
Wenlong Huang Yifan Zhang
